In this work we studied the chromosome number and karyotype formula of seven species of Mimosa L. (Mimosoideae, Leguminosae). The chromosome number 2n = 2x = 26 for M. detinens Benth., M. hexandra M. Micheli, M. ostenii Speg. ex Burkart and M. xanthocentra Mart. var. mansii (Benth.) Barneby are new records, while the chromosome number 2n = 2x = 26 for M. debilis var. debilis, M. urugüensis Hook. and Arn.
INTRODUCTION
Taxonomy, distribution and phylogeny of the genus -The genus Mimosa L. comprises ca. 540 species of pantropical and pansubtropical distribution (SIMON et al. 2011) . This genus has two centers of diversifi cation: 1) central and southern Mexico, Cuba, Hispaniola and Orinoco basin and Madagascar, and 2) southern South America, which includes Amazonas basin, Brazilian Planalto, Paraguay, Northern Argentina and Uruguay (BARNEBY 1991) .
In southern South America, Mimosa is highly diversifi ed in campos and cerrados from the Bra-zilian Planalto. In Argentina, this genus is particularly abundant in northeastern and northwestern extremes, where 85-90% of the species grow. Some taxa extend or are restricted to the southernmost regions of distribution of the genus, where the temperature is lower and frosts are more frequent (BURKART 1948; . A similar situation is observed in North America, where only a few species are found in the temperate areas of the United States (BAR-NEBY 1991) . BENTHAM (1876) realized the fi rst monograph on this genus and recognized two sections: Habbasia DC. and Eumimosa. Later, BARNEBY (1991) revised the neotropical species and proposed fi ve sections: Mimadenia (with diplostemonous fl owers and extrafl oral nectaries), Batocaulon DC. (=diplostemonous fl owers, within extrafl oral nectaries), Habbasia DC. (=diplostemonous fl owers, extrafl oral nectaries absent, indumen-tum of calcarate setae), Mimosa (=haplostemonous fl owers, corolla lobes glabrous or with single hairs) and Calothamnos Barneby (=haplostemonous fl owers, corolla lobes with plumose or stellate hairs or setae). However, recent phylogenetic studies based on chloroplast sequences and optimized morphological characters have revised the proposal of BARNEBY (1991) and suggested that Batocaulon and Calothamnos may not be natural groups (BESSEGA et al. 2008; 2011; SIMON et al. 2009; 2011) .
Cytological studies -The cytology of this genus is poorly studied. The chromosome number and ploidy levels are known in only 20% of its species. Most studies have been carried out in Southern South America. The most cited chromosome numbers are 2n = 2x = 26 and 2n = 4x = 52, but also 2n = 3x = 39, 2n = 6x = 78 and 2n = 8x = 104 have been found (COLEMAN and DEMENEZES 1980; GOLDBLATT 1981a; ALVES and CARVALHO-CUSTÓDIO 1983; GOLDBLATT 1984 GOLDBLATT , 1988 GOLDBLATT and JOHNSON 1998; SEIJO 1993 SEIJO , 1999 SEIJO and FERNÁNDEZ 2001; DAHMER et al. 2011) . ISELY (1971) postulated that the basic chromosome number is x = 13, which was confi rmed by other authors (GOLDBLATT 1981a; SEIJO 1993 SEIJO , 1999 SEIJO , 2000 SEIJO and FERNÁNDEZ 2001) . However, it is important to point out that, in Mimosoids, x = 13 is considered a chromosome number derived by disploidy from x = 14 (Poggio et al. 2008) .
In Mimosa, polyploidy is a frequent phenomenon, because ca. 22% of the species studied have high levels of ploidy, i.e. 4x, 6x or 8x (GOLDBLATT , 1984 (GOLDBLATT , 1985 (GOLDBLATT , 1988 GOLDB-LATT and JOHNSON 1990, 1998; SEIJO 1993 SEIJO , 1999 GOLDBLATT and JOHNSON 2000; SEIJO 2000; SEIJO and FERNÁNDEZ 2001; JOHNSON 2003, 2006; MORALES et al. 2007; DAHMER et al. 2011) . In some groups of this genus, polyploidy would be an important mode of speciation, as discussed in M. debilis Humb. and Bonpl. ex Willd. complex (MORALES et al. 2010 ). In the southernmost species, polyploidy appears to be a mechanism to colonize new habitats (SEIJO and FERNÁNDEZ 2001) . However, entire role of polyploidy in the evolution and geographic distribution of Mimosa requires a study of more chromosome counts from a wide range of species and accessions, especially from higher latitudes (DAHMER et al. 2011) .
Like in other Mimosoids, chromosomes of Mimosa are very small, and it is diffi cult to obtain cells adequate for karyological studies (STEB-BINS 1971; SEIJO 1993; SHUKOR et al. 1994) . This is one of the reasons that explain the absence of karyotype studies in this genus. Thus, the aim of this work was to study karyotypical parameters in different species of Mimosa from Southern South America that were included in the sections Batoucalon and Mimosa. We discussed the data obtained based on the systematic position and geographic distribution of the taxa.
MATERIAL AND METHODS
Plant material -We collected vouchers in Argentina and Paraguay during fi eld trips carried out from 2005 until 2008. We deposited the specimens at the Instituto de Recursos Biológicos, CIRN-INTA, Buenos Aires, Argentina (BAB) and Facultad de Ciencias Químicas, Universidad de Asunción, Paraguay (FCQ), with duplicates in Instituto de Botánica Darwinion (SI) and Instituto de Botánica del Nordeste (CTES) ( Table 1) .
We determined the specimens according to the proposals of BARNEBY (1991) , and recent contributions of and MORALES and FORTUNATO (2010) . The geographic distribution of the taxa was inferred from taxonomic bibliography (BARNEBY 1991), observations during fi eld trips, and records of herbarium specimens from the following institutions: BA, BAA, BAF, BAB, CGMS, CORD, CPAP, CTES, FCQ, G, ICN, LIL, LPB, MBM, MO, NY, RB, SI, SP, SPF (see Appendix). We mentioned Ecoregions following OLSON et al. (2001) . Instituto de Clima y Agua, CIRN-INTA (Hurlingham, Argentina), provided us with climatic data from the localities or closest locality where the specimens were collected.
Chromosome studies -Seeds were simultaneously collected with plant material during the fi eld trips. For the mitotic studies, were used root meristems obtained from seeds germinated on Petri dishes at room temperature. Root tips (1-2 cm) were pretreated with 8-hydroxyquinoline 0.002 M at room temperature for 4-5 h and then fi xed in absolute ethanol-glacial acetic acid (3:1). The material fi xed and conserved in 70% ethanol was washed in buffer solution of 0.01 M citric acid-sodium citrate pH 4.6 and then transferred to an enzymatic solution containing 2 ml cellulase 2% (Ozonuka R-10) and 20% liquid pectinase for 120-150' at 37°C, and washed again with buffer solution.
The root tips obtained were macerated in a drop of dye (acetic hematoxylin), and the "squash" technique was applied. In each sample, we counted 10-20 metaphases and conserved the slides with Euparal as a mounting medium. Karyotypical studies -To analyze karyotype formulae, karyotypical parameters (total chromosome length (TCL) and asymmetry indexes), and the corresponding idiograms, we selected the best mitotic metaphases that showed similar chromosome condensation (5-10 cells per individual, and 2-4 individuals in each taxon). We used the chromosome nomenclature according to LEVAN et al. (1964) : "m" for metacentric and "sm" for submetacentric chromosomes. TCL was measured with Micromeasure Program (REEVES 2004) . Intra-and interchromosomal asymmetry indexes, A 1 and A 2 , were calculated, according to ROMERO ZARCO (1986) . To calculate these indexes, we used the following formulae:
where q i represents the mean length of the short arm, p i the mean length of the long arm in each pair of homologous chromosomes, and n the number of pairs or groups of homeologous chromosomes, and
[2]
A 2 = SX -1 where S represents standard deviation and X the mean of chromosome length. We tested the differences in karyotypical parameters with KRUSKAL-WALLIS'S method (1952) and carried out comparisons of pairs among mean values of ranges. Mean values and standard deviation were calculated for each param-eter. The statistical analysis was carried out with Infostat program (DI RIENZO et al. 2009 ).
RESULTS
Chromosome numbers -All the taxa studied were diploid, with 2n = 2x = 26 ( Karyotype formula -The study of chromosome morphology showed that M. detinens, M. ostenii, M. uliginosa had ca. 7-8 metacentric chromosomes, being the rest submetacentric or metacentric-submetacentric. Instead, M. hexandra, M. urugüensis, M. debilis var. debilis and M. xanthocentra var. mansii presented 10-11 metacentric and 1-2 submetacentric or metacentricsubmetacentric chromosomes (Table 2; 
Karyotype parameters -Regarding the A 1 index, variations detected in the karyotype formula showed differences between species of Ser. Farinosae, which had a higher number of submetacentric chromosomes, and M. hexandra, M. xanthocentra, M. urugüensis and M. debilis var. debilis, which had a higher proportion of metacentric chromosomes. The A 2 asymmetry index revealed that the chromosome size did not vary notably within each taxon but varied signifi cantly between the studied taxa.
TCL showed signifi cant differences only at p = 0.05, and we observed that the species of M. (SEIJO 1993; SEIJO 1999; MORALES et al. 2010; DAHMER et al. 2011) . The studies confi rm x = 13 as the basic chromosome number of the genus (ISELY 1971; GOLDBLATT 1981b) . It is remarkable that various morphological groups with different cytotypes (2x and 4x) have been previously recorded in M. debilis var. debilis (MORALES et al. 2010) . The individuals studied in this work belong in morphology and geographic distribution to M. debilis var. debilis sensu stricto, and, in concordance with previous studies, had 2n = 2x = 26.
The visualization of chromosome constrictions constitutes a problem to carry out karyo- type studies in Mimosoids (JOSÉ G. SEIJO, pers. comm.; SHUKOR et al. 1994; MORALES et al. 2010 ), but the technique used in the present work allowed us to observe the chromosome morphology in most of the species. Our results indicate that the karyotype of the species of Mimosa studied is relatively symmetric, with metacentric and submetacentric chromosomes. This is refl ected in the low asymmetric index A 1 of all the species. Thus, the studied species of Mimosa have a karyotype similar to that of other Mimosoids, such as Pithecellobium Mart., Acacia Mill. and Prosopis L., where other authors also found a high proportion of metacentric and submetacentric chromosome pairs (GÓMEZ ACEVEDO and TAPIA PASTRANA 2003; 2005) .
The A 2 asymmetry index was relatively low and did not show differences among taxa.
Our studies about chromosome size showed that the chromosomes of Mimosa are small, generally smaller than 2 µm, in agreement with that found in other genera of Mimosoids (SEIJO 1993; SUKOR et al. 1994; SEIJO 1999 SEIJO , 2000 SEIJO and FERNÁNDEZ 2001) . We found signifi cant differences among the taxa studied. The species of Ser. Farinosae (M. detinens and M. ostenii) had larger chromosome size. Although the number of species studied is low, it is interesting to observe Fig. 2 ). This trend was found in other groups of Legumes, such as Phaseolus (MERCADO-RUARO and DELGADO-SALINAS 2009), in which species with high TCL had more symmetric karyotype. It is interesting to point out that a high correlation between parameters of chromosome size, such as TCL and total chromosome area, and nuclear DNA content has been found in previous works (OUZU et al. 1997; MOHANTY et al. 2004) . For this reason, it is possible to suppose that signifi cant differences in chromosome size could refl ect variations in genome size.
The data presented here suggest that TCL could be useful to distinguish taxa, for example Mimosa Sect. Batocaulon Ser. Farinosae. It is important to point out that this Series comprises only four species that are xerophilous trees endemic of Chaco and adjacent areas, whose morphological characters seem to be generally stable in the populations. Contrarily, the rest of the Series and Subseries studied are subshrubs or shrubs with a wide subtropical distribution, which exhibit high morphological diversifi cation. In this way, it is important to observe that Ser. Farinosae could be distinguished from other groups of this genus by some chromosome parameters. Furthermore, decisive conclusions about the relation between karyotypical parameters and taxonomy in Mimosa must be supported by studying a larger number of populations in each taxon.
Regarding the geographic distribution, according to our observations and those of others (BURKART 1948; BARNEBY 1991; IZAGUIRRE and BEYHAUT 2003) , some species, such as M. debilis var. debilis, M. hexandra and M. xanthocentra var. mansii, reach only 27º-29ºS in their south-ernmost distribution. The other species studied reach higher latitudes, growing in warm temperate areas. Mimosa detinens has subtropical distribution but extends to southernmost areas of Dry Chaco (31ºS), M. urugüensis grows only in warm temperate areas from the coast of Río Uruguay, and M. ostenii appears to be restricted to the Espinal Ecoregion, reaching 33ºS (Table  3 ; Figs. 3, 4) .
It is possible to observe that the studied species with strictly subtropical distribution that can not extent further than 30ºS present low values of TCL and a more symmetric karyotypes. In contrast, M. detinens, M. ostenii, M. urugüensis and M. uliginosa, which grow in warm temperate environments, have high values of TCL and a more asymmetric karyotypes.
Mimosa is a genus especially diversifi ed in cerrado from the Brazilian Planalto and adjacent areas (BURKART 1948; BARNEBY 1991; SIMON and PROENÇA 2000; SEIJO and FERNÁNDEZ 2001) . So, the marginal areas of distribution in southern South America could be the highest latitudes of its distribution area, with colder climate (Table  4) , such as the Dry Chaco, Pampas and Espinal ecoregions. Relatively few species of Mimosa grow in these regions (BURKART 1948; FORTU-NATO et al. 2008) , possibly because most of the species of this genus cannot adapt to extreme climatic conditions.
We related the variation in TCL to some climatic data of voucher localities, such as annual mean temperature, annual total rainfall and annual frost frequency, and found that the species collected in areas with highest number of annual days with frosts had highest TCL values (Fig. 5A). In addition, TCL decreased with annual mean temperature (Fig. 5B ). In this way, our data appear to be in agreement with that obtained by other authors, who found that species comparatively more tolerant to frosts and low tempera-tures had an increased genome size (WAKAMIYA et al. 1993; MACGILLIVRAY and GRIME 1995; SUDA et al. 2003; KNIGHT et al. 2005 ). This relation between environment and karyotype parameters could indicates that varia- Fig. 5.A.) and Mean annual temperature (Fig. 5.B. ) and its relation with Total Chromosome Length of studied species of Mimosa from Southern South America. Climatic data were registered from collection localities or adjacent areas. tion in chromosome size, and eventually in genome size, could have an adaptive value, allowing certain species of Mimosa to grow or even colonize adverse environments, in our case, the marginal, coldest and driest areas from Southern South America. GÓMEZ ACEVEDO and TAPIA PASTRANA (2003) found certain relation between chromosome length and environmental adaptation in Acacia and Prosopis, and it is possible that this pattern also appears in other Mimosoids genera, such as Mimosa.
It is important to point out that other mechanisms, such as polyploidy, could be operating to colonize adverse environments or adapt to specifi c ecological niches, especially in higher latitudes (STEBBINS 1971; SOLTIS et al. 2003) . SEIJO and FERNÁNDEZ (2001) found cytological evidence supporting this hypothesis in the genus Mimosa; they observed that polyploid frequency and ploidy levels increase with latitude, but it was only analyzed in a few species from Southernmost South America and it cannot still be extrapolate to all taxa of megadiverse genus Mimosa. In the present work we only studied some diploid taxa of Mimosa, whose mechanism of adaptation or dispersion could be a variation in genome size.
Conclusions -We report the karyotype of M. detinens, M. ostenii, M. hexandra, M. debilis, M. xanthocentra, M. uliginosa and M. uragüensis for the fi rst time; these species have a relatively symmetric karyotype and small size of chromosomes, like that observed in other Mimosoids. These results indicate that there are inter-specif-ic differences in the formula and asymmetry of the karyotype and chromosome size, although a larger number of specimens and populations from Southern South America are necessary to deduce the evolutionary changes in the karyotype. In addition, we found signifi cant differences among species in chromosome length, which could be related to their ability to adapt or colonize adverse environments, especially at highest latitudes, with colder climatic conditions. We may also conclude that variations in chromosome size are related with geographic dispersion or ecological adaptation in some diploid species of the genus Mimosa. However, to infer this hypothesis to other groups of the genus, it is necessary more karyological data, especially for the species that grow in other geographic regions.
